Introduction: The RISKOFDERM project collected task-based estimates of potential dermal exposure from a wide range of industries and services from around Europe. A formal statistical analysis was carried out to explore the main components of variability in dermal exposure levels. The central research question was to what extent dermal exposure levels could be explained by generic grouping variables like 'exposure scenarios' and 'dermal exposure operation units' (DEOs) (grouping of scenarios on the basis of similarity in exposure patterns).
INTRODUCTION
Information on the variability of dermal exposure is relatively scarce. Recently, Kromhout and Vermeulen (2001) reported on variability in dermal exposures from a database comprising data from 20 surveys. Their median values of between-worker (σ 2 B = 0.15) and within-worker variability (σ 2 W = 0.47) were quite similar to what was reported earlier for respiratory exposure (Kromhout et al., 1993) .
The RISKOFDERM project, designed to provide an overview of dermal exposure in Europe, yielded enough data to explore this matter further for taskbased measurements (Rajan-Sithamparanadarajah et al., 2004) . In the RISKOFDERM project, exposure scenarios (made up of a series of activities) were grouped together into dermal exposure operations units (DEOs). The allocation of scenarios to DEOs was achieved on the basis of similarities of task and professional judgement (Rajan-Sithamparanadarajah et al., 2004) . The large variety of agents, workplaces and methods used to estimate dermal exposure in this survey enabled us to study the relative importance of factors like DEOs, scenarios, factories, workers and time. Our statistical analyses of the RISKOFDERM database were aimed at providing insight into whether the DEO or scenario approach could be used as a generic method to predict and assess dermal exposures. Table 1 . Description of data structure estimates of potential dermal exposure of hands a In the analyses we kept this data set even though workers wore gloves for an unknown proportion of the time during the measurements. 304. Rolling 2 10 45 9 individuals (2 n = 2; 4 n = 3; 1 n = 4; 2 n = 12) 4. Spray dispersion 402. Spray painting 22 38 87 14 individuals (7 n = 2; 1 n = 3; 1 n = 4; 1 n = 7; 1 n = 8; 3 n = 9) 
DEO

MATERIALS AND METHODS
Details of the exposure surveys conducted in five countries can be found elsewhere (Rajan-Sithamparanadarajah et al., 2004) . The RISKOFDERM database was created by one of us (M.R.) and consists of 574 sets of individuals' dermal exposure samples. We analysed the following estimates of dermal exposure: total contamination of hands and body (mg formulation) and total contamination rate of hands and body (mg formulation/min). Dermal exposure expressed as total contamination (mg) is event-based and one assumes that area of contamination is constant. When dermal exposure is expressed as a rate it is assumed to take place continuously during the period of measurement.
After exclusion of samples collected under protective clothing we were left with 404 (70%) measurements of total potential dermal exposure of the hands and 419 (73%) measurements of total potential dermal exposure of the body. One series of hand measurements was collected from workers who wore leather or cotton gloves for an unknown period of time during the measurements. We decided not to exclude these measurements although potential exposure might have been underestimated.
We used SAS for Windows (version 8.2) to calculate descriptive statistics and variance components. Mixed effect linear models were estimated with the Mixed Procedure (Proc Mixed). In the mixed effect models the nested structure of the data was maintained, so we assumed that factories were nested in either a DEO or scenario, with workers nested in a factory. Repeated measurements on an individual worker were on different days or in some cases within a day. With only a few series of repeats collected both within a day and over more than 1 day available we could not justifiably estimate a withinday component of variance. Therefore, all repeats (collected either within a day or over several days) were treated similarly.
The actual model tested looks as follows for a DEO:
for d = 1, …, 6 DEOs; f = 1, …, f d factories in the dth DEO; i = 1, …, k df workers in the fth factory in the dth DEO; j = 1, …, n dfi measurements from the ith worker in the fth factory in the dth DEO. In this model, µ y represents the true mean of the logged dermal exposure averaged over all strata, α d is the random effect of the dth DEO, β df is the random effect of the fth factory in the dth DEO, γ dfi is the random effect of the ith worker in the fth factory in the dth DEO and ε dfij is the random effect of the jth measurement effect of the ith worker in the fth factory in the dth DEO. The assumption is that α d , β df , γ dfi and ε dfij are each normally distributed and mutually independent, with means of 0 and variances of σ 2 D, σ 2 F, σ 2 B and σ 2 W , respectively. The 'D', 'F', 'B' and 'W' subscripts are used to indicate that these variance components represent variation between DEO, between factory, between workers and within workers, respectively. The estimates of σ 2 D , σ 2 F , σ 2 B and σ 2 W are presented as d S 2 y , f S 2 y , b S 2 y and w S 2 y , respectively. The 97.5 and 2.5 percentiles of the distributions (on the original scale) are also presented (Rappaport, 1991) . They represent the fold ranges of variation of dermal exposure across DEOs, between factories, between persons and within persons, respectively. They are estimated as follows: , , and . A similar model was used in which DEO was replaced by scenario (n = 12).
A one-way random effects ANOVA model was used to estimate within-and between-worker variability for groups of workers defined by scenario and location. Criteria for these groups were similar to those described by Kromhout and Vermeulen (2001) : at least two workers, with at least one with repeated measurements, at least four measurements in total and with at least 75% of observations >LOD.
The classical ANOVA model for this analysis is as follows:
for i = 1, …, k workers and j = 1, …, n i measurements from the ith worker. In this model, µ y represents the true mean of the logged dermal exposure averaged over all strata, β i is the random effect of the ith worker and ε ij is the random effect of the jth measurement effect of the ith worker. The assumption is that β i and ε ij are each normally distributed and mutually independent, with means of 0 and variances of σ 2 B and σ 2 W , respectively. The 'B' and 'W' subscripts are used to indicate that these variance components represent variation between-workers and withinworkers, respectively. The estimates of σ 2 B and σ 2 W are presented as b S 2 y and w S 2 y , respectively. This analysis enabled a direct comparison with variance components estimated from the DERMDAT database (Kromhout and Vermeulen, 2001 ).
RESULTS
In Tables 1 and 2 descriptive statistics of the number of factories, workers and measurements are given for each of the scenarios of each DEO for dermal exposure estimates of the hands and body, respectively. In this table the number of individuals with repeated measurements is also given.
From Table 3a it can be seen that geometric mean levels of dermal exposure range over up to 4 orders of magnitude between DEOs when exposure is expressed in milligrams. When the same exposure is expressed as a rate (mg/min) the order of magnitude difference increases to 3-5. Differences in geometric mean levels between scenarios were of the same order of magnitude as for DEOs when considering exposure of the hands, but the differences were larger for scenarios when considering the differences in exposure of the body (Table 3b ). This enormous variability in levels of dermal exposures is also reflected in the estimates of the variance components presented in Table 4 . Taskbased dermal exposure can vary by up to a factor of 500 000 for potential dermal exposure of the hands (mg) or even to 30 000 000 when expressed as a rate (mg/min). For exposure of the body the variability is less at, respectively, 70 000 and 180 000 for mass and rate. The estimates are somewhat different when dermal exposure is modelled with scenario instead of DEO, but are of the same order of magnitude when considering exposure of the hands and somewhat larger when considering exposure of the body. Both DEOs and scenarios explain a considerable amount of variability in dermal exposure estimates. The relative contribution of DEOs was 42 and 69%, respectively, for amount and rate of dermal exposure of the hands, while for the body this was considerably lower at 30% for both dermal exposure estimates. When classified by scenario the relative contributions were 40 and 63%, respectively, for amount and rate of exposure of the hands and 58 and 45%, respectively, for the body. Factories contributed between 17 and 48% of the total variability and day-to-day variability in task-based dermal exposure estimates accounted for between 8 and 14%. Remarkably, the variability in mean individual levels was least important in most instances (between 4 and 12%) ( Table 4) .
This was confirmed when between-and withinindividual variability in potential dermal exposure was estimated for groups of workers performing a specific scenario within a specific location (factory) ( Table 5 and Fig. 1 ). Between-worker variability was minimal, with individual mean dermal exposure estimates lying on average within a 4-fold range. Within-individual variability outweighed the between-individual component, with estimates lying on average within a 40-fold range.
DISCUSSION AND CONCLUSIONS
This industry-wide survey of workers performing tasks defined by scenarios within DEOs has shown the enormous range in potential dermal exposure of hands and body one could encounter in industry and services for a variety of chemical compounds. Classifications of tasks by DEO or by scenario both explained considerable amounts of encountered variability in dermal exposure, even though the schemes were only based on similarities in route of exposure patterns (Schneider et al., 1999) . However, the analyses of variance also showed that within DEOs, and even within scenarios, large differences in dermal exposure estimates (up to a factor of between 400 and 4500 depending on the dermal exposure estimate used) exist. This will not be a surprise, when one takes into account that different agents (and formulations) with different inherent risks were monitored while being worked with under very different conditions. Comparing 'mixing/diluting' a highly toxic chemical such as cyclophosphamide with 'mixing/diluting' a disinfectant containing potassium will show large differences in amounts and rates of potential dermal exposures caused by control measures in place (semi-closed systems in the case of cyclophosphamide versus an open system in the case of the disinfectant), the volume of substance handled and workers behaviour and training. In addition, some variability will have been caused by differences in monitoring techniques applied.
Monitored scenarios within a specific situation with exposure to a specific agent showed hardly any between-worker variability, indicating that definition and description of tasks making up a scenario was successful. The resulting average potential exposure estimates for a specific scenario varied minimally between workers carrying out the same tasks with the same formulation in the same location ( b S 2 y = 0.00-0.11). On the other hand, the temporal (withinworker) component was much larger ( w S 2 y = 0.52-0.80) and actually rather close to the results presented by Kromhout and Vermeulen (2001) for 'full-shift' dermal exposure measurements in their DERMDAT database ( w S 2 y = 0.33-0.79). This analysis once again shows that potential dermal exposure has a large temporal component, even when measurement time is restricted to the duration of specific tasks. Eventbased processes that might or might not happen during a particular measurement apparently govern dermal exposure. Of course, the way dermal exposure is often assessed (e.g. only a relatively small part of the potentially exposed surface is measured) also plays a role. This can be seen from the fact that the temporal (within-worker) component was larger for dermal exposure estimates of the body than for dermal exposure estimates of the hands. In almost all cases, total skin area of both hands was actually monitored either by a surrogate skin method, like gloves, or by removal techniques, like hand washing. Body estimates, in contrast, were most often based on pads measurements where nonuniformity of dermal exposure will increase the (temporal) variability when extrapolation to the total body area takes place.
Given the relatively small sample sizes for the scenarios monitored within a specific situation with exposure to a specific agent the estimated variance components should be treated with caution, even though the results seem to corroborate the results for the within-worker component of variance presented by Kromhout and Vermeulen (2001) , where the median number of workers was similar and number of samples per group somewhat higher (8 versus 6). Restricting the analyses in the RISKOFDERM database to the groups with larger sample sizes with at least three workers with at least two repeats showed similar total variability, but somewhat larger median temporal variability and consequently lower betweenworker variability. This is most likely again due to the event-based nature of dermal exposure. More samples will increase the likelihood of (high) exposure and consequently increase the temporal variability.
In conclusion, the RISKOFDERM project has convincingly shown that a wide variety of potential dermal exposure levels exist in industry and services. The classification of tasks in generic DEOs and scenarios has proven to be useful since large differences in average dermal exposure estimates are present between DEOs and between scenarios. However, the DEO/scenario classification should only be seen as a first cut of the cake. Large differences do exist between scenarios within a DEO and even within a scenario. These differences are governed by local conditions determined by the actual handling of the agent, its intrinsic toxicity, control measures taken and training and attitude of workers. All these factors are not covered in the classification scheme, but will determine the potential exposure and, via actual exposure, the health risks involved. Further analyses and modelling of the RISKOFDERM database are underway and will hopefully unravel actual objective determinants of dermal exposure and yield predictive models like the recent model for spray painting (Brouwer et al., 2001) . In our opinion, it will not be possible to estimate exposure for a local exposure situation solely on the generic exposure scenario involved. Additional measurements of dermal exposure and concomitant collection of detailed descriptive information will be a necessity to evaluate potential dermal exposure. In addition, from a public health perspective and for epidemiological purposes, estimates of actual dermal exposure and eventually uptake will be a requirement to safeguard the working population from the negative health effects of dermal exposure to chemicals (Vermeulen et al., 2002) . Tables A1 and A2 show the characteristics of hand and body exposure respectively. 
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